This paper presents a novel approach of investigating registration performance of different Multiple Sclerosis (MS) affected brain tissues with brain atlas by image inpainting technique. MS is an immune-mediated disorder that develops from an interaction of the individual's genetics and unidentified environmental causes. In order to carry out medical diagnosis in proper time image registration plays a vital role. In this work, different MS lesions are introduced in healthy brain tissue in order to analyse and characterize according to their characteristics (T1 weighted image, T2 weighted image) because MS lesions create a strong bias in image registration process. Thus, image inpainting technique appears to be a handy tool to reduce the bias efficiently. It is evident that the proposed inpainting algorithm performs satisfactorily with a view to reducing the bias in the registration step. The overall performance of the technique is evaluated by utilizing Dice and Jaccard scores. MATLAB and FSL software are used to perform the simulation.
M u l t i p l e S c l e r o s i s ( M S ) i s a n unpredictable, often disabling disease of the Central Nervous System (CNS) that disrupts the flow of information within the brain, and between the brain and body. 1 It is the most common auto immune disorder affecting CNS. 2 and it affects the brain and spinal cord alike.
When any part of the myelin sheath or nerve fibre is damaged or destroyed, nerve impulses traveling to and from the brain and spinal cord are distorted or interrupted, producing a wide variety of symptoms. 3 The MSF (Multiple Sclerosis Foundation) estimates that more than 400,000 people in the USA, around 100,000 people in the UK have MS and about 2.5 million people around the world have MS. 4 In 2013, about 2.3 million people were affected globally with rates varying widely in different regions and among different populations. 5, 6 The disease usually begins between the ages of 20 and 50 and is twice as common in women as in men. 7 While the cause is not clear, the underlying mechanism is thought to be either destruction by the immune system or failure of the myelin-producing cells. 6 Proposed causes for this include genetics and environmental factors such as being triggered by a viral infection. 2 MS is usually diagnosed based on the presenting signs and symptoms and the results of supporting medical tests. 6 The three main characteristics of MS are the formation of lesions in the central nervous system (also called plaques), inflammation, and the destruction of myelin sheaths of neurons. These features interact in a complex and not yet fully understood manner to produce the breakdown of nerve tissue and in turn the signs and symptoms of the disease. 2 To diagnose and treat patients with MS and other neurological diseases, it is a common practice to use brain atlas.8 A brain atlas is composed of serial sections along different anatomical planes of the healthy or diseased developing brain where each relevant brain structure is assigned a number of coordinates to define its outline or volume. Registering a patient brain with brain atlas is the most common way to build it. One of the objectives of image registration is to allow the characterization of the morphology of different subjects' brains helps to make anatomical comparison among different populations. 9 Objective of this study can be stated as investigation of a new inpainting technique as this can be used to reduce the distortion in the registration process. Another one is characterizing its performance with numerous patients MRI images so that more robust detection is possible in near future to treat this disease. Section 2 of this paper presents the idea of the Multiple Sclerosis disease. Section 3 deals with working procedure with different brain tissues which includes numerous patients' data. Section 4 portrays the comparative analysis of the method which includes both qualitative and quantitative approach. Finally, in section 5 conclusion and future works are portrayed.
Multiple Sclerosis
Multiple sclerosis (MS) is a demyelinating disease in which the insulating covers of nerve cells in the brain and spinal cord are damaged. 10 This damage disrupts the ability of parts of the nervous system to communicate, resulting in a range of signs and symptoms, including physical, mental, and sometimes psychiatric problems. MS takes several forms, with new symptoms either occurring in isolated attacks (relapsing forms) or building up over time (progressive forms). 11 In severe cases, the patient becomes paralyzed or blind while in milder cases there may be numbness in the limbs and other several parts or organs of the body. This damage disrupts the ability of parts of the nervous system to communicate resulting in a range of signs and symptoms including physical, mental and sometimes psychological problems as well.
Signs and symptoms of MS
Signs and symptoms are not mandatory for an MS patient. It is possible that it may not show any signs until a certain stage. And the exact cause is still unknown to the researchers. But still some early symptoms can be identified by researches oriented through it. Early symptoms may include total weakness, fatigue, vertigo, tingling, numbness, blurred vision and even problem with balance and coordination.
Cause and Cure of MS
While the cause is not clear, the underlying mechanism is thought to be either destruction by the immune system or failure of the myelinproducing cells. 12 Proposed causes for this include genetics and environmental factors such as being triggered by a viral infection. 13, 14 MS is usually diagnosed based on the presenting signs and symptoms and the results of supporting medical tests. 15 There is no known cure for multiple sclerosis. Physical therapy can help with people's ability to function.10 Medications used to treat MS, while modestly effective, can have side effects and be poorly tolerated. Many people pursue alternative treatments, despite a lack of evidence. 16 Treatments attempt to improve function after an attack and prevent new attacks. 17 The long-term outcome is difficult to predict, with good outcomes more often seen in women, those who develop the disease early in life, those with a relapsing course, and those who initially experienced few attacks. 18 Life expectancy is on average 5 to 10 years lower than that of an unaffected population. 19 Role of MRI to diagnose MS MRI is the investigative tool of choice for neurological cancers, as it has better resolution than CT and offers better visualization of the posterior fossa. The contrast provided between grey and white matter makes it the best choice for many conditions of the central nervous system, including demyelinating diseases, dementia, cerebrovascular disease, infectious diseases and epilepsy. 7 MRI allows doctors to see lesions in the central nervous system. It's important to note, however, that not all lesions are due to MS and not all people with MS have lesions.
Methodology
For MS patients, lesions can be found at White Matter (WM) and Grey Matter (GM). WM lesions are more common, prominent and can easily be detected by traditional imaging technique. Such MS lesions create distortion in the registration step in the brain atlas. This is because, WM lesions look like GM and as registration techniques use mutual information like brightness, color, shape, relative position; these lesions can be mistaken as GM in WM creating distortion in the registration step. To reduce such unwanted distortion, many researchers have used different techniques.
One is spatial normalization 20 where the subject brain is deformed to correspond to the same location in the target brain (i.e. the atlas). It is often performed in research-based functional neuroimaging where one wants to find common brain activation across multiple human subjects. But, the problem is comparisons of group activation data for patients with brain lesions with data from controls must still be treated with severe caution.21 Second way to deal with MS lesion bias is to use seed points. Seed points can be processed with intuitive heuristics which provide improved segmentation accuracy while facilitating quick and natural point placement. But, the method does not account for normal variations in intensity. 22 Finally, another method is Image Inpainting technique. Image inpainting is the process of reconstructing lost or deteriorated parts of images. 23 It is mathematically highly ill posed process. There are many inpainting algorithms available for traditional structural 2D images such as harmonic inpainting technique, 24 Mumford shah algorithm, 25 and Transport inpainting algorithm 26 and so on.
To get raw brain data, we used Human Connectome Project (HCP) 27 open source data of healthy brains. The dataset was provided by HCP database which was composed of numerous sets of patient's data. To extract the brain matter from the whole brain scan, Brain Extraction Tool (BET) 28 is used. It deletes non-brain tissues like skull, tongue from an MRI image and extracts the brain matters from it. After that SUSAN 29 is used for noise reduction. For these operations, FMRIB Software Library (FSL) 30 is used. After adding mask over the healthy brain, the conventional inpainting algorithms are utilized to remove the artificial lesions. Then our proposed inpainting method will be utilized to inpaint the lesions in the brain. After that, image registration is done for linear characterization. We will use both qualitative as well as quantitative analysis with numerous brain data. Thus, an analysis is done with the proposed algorithm for further investigation.
Comparative Analysis and Results
To evaluate our results, we at first apply some image pre-processing using BET (Brain Extraction Tool) in our data. Then after this preprocessing we use (logical) mask to create artificial lesions and then apply our algorithm 31 to test its feasibility. We will be conducting two different types of results. They are-Qualitative, Quantitative and Graphical Analysis.
Qualitative Analysis
For comparing our results, we use standard comparison method Jaccard and Dice with the other inpainting algorithm (Transport, Mumford Shah, Harmonic etc.) For our justification we also applied the same procedure in a normal image to see how it works on the real image. Firstly, utilizing only white lesions added artificially in 2D image and MRI image with artificial white lesion is done. These are shown in. 31 After dealing with white lesions we have looked over the lesions being slightly greyish (both light grey and dark grey) as well as mixed type artificial lesion.
MRI Image with greyish lesions
There are lots of types of images can be formed through the MRI images. For simplicity we will be discussing about mainly three types of images. They are T1 weighted image, T2 weighted image and proton density weighted image. For Qualitative analysis, MRI T1 brain image of a healthy patient is taken and then artificially grey lesions are added which is depicted in Fig 2 After getting the mimicking done, now we are going to use the traditional inpainting techniques (i.e. harmonic, Mumford shah, transport) to inpaint the lesioned image. Now, these techniques are used as they are the state-of-the-art methods for inpainting generally 2D images which are shown in Fig. 3 
(a), 3 (b) and 3 (c).
Now that we have utilized the traditional methods, we can visually compare the effectiveness of these state-of-the-art methods. Our next task is to use our proposed inpainting algorithm of this thesis to inpaint the lesions which we artificially structured in the healthy patient brain beforehand. After using the inpainting technique proposed in our method, we will have something like the following shown in Fig. 3 (d) .
MRI Image with mixed (white and grey) lesions (orientation type 1)
MRI T1 brain image of a healthy patient is taken again and now artificially mixed lesions are added which is depicted in Fig 4. After getting the mimicking done, now we are going to use the traditional inpainting techniques (i.e. harmonic, Mumford shah, transport) to inpaint the lesioned image which is shown in Fig. 5 (a) , 5 (b) and 5 (c). Now that we have utilized the traditional methods, we can visually compare the effectiveness of these state-of-the-art methods.
Our next task is to use our proposed inpainting algorithm to inpaint the lesions which we artificially structured in the healthy patient brain beforehand. After using the inpainting technique proposed in our method, we will have something like the following shown in Fig. 5 
(d) MRI Image with mixed (white and grey) lesions (orientation type 2)
Now, again, if we apply different orientation of mixed lesions After getting the mimicking done, now we are going to use the traditional inpainting techniques (i.e. harmonic, Mumford shah, transport) to inpaint the lesioned image. Now, these techniques are used as they are the state-of-the-art methods for inpainting generally 2D images shown in Fig. 7 (a), 7 (b) and 7 (c).
But we will check the workability of those in MRI images by visual as well as dice and jaccard scores (dice and jaccard scores are used to compare the images quantitatively). So here also we will use conventional ones as well as our one. After using the inpainting technique proposed in our method, we will have something like the following in Fig.  7 (d) .
Quantitative Analysis
First, we have used the traditional methods and finally we started to utilize our proposed method to work with. We have already used that in31 for 2D image. Now here 5 different patient's brain T1 and T2 data are taken and inpainted with the state-of-the-art methods as well as our proposed algorithm. We intended to use the MRI images of the patient's brain collected form human connectome project (HCP)27 database. To prove, dice and Jaccard scores are used (dice and jaccard scores are used to compare the images quantitatively). For Patient 1 MRI images of T1 weighted image is shown in Table 1 . In the similar way, we have used 5 patients both T1 weighted images as well as T2 weighted image (T2WI). For Patient 1, T2 weighted images are taken and the data are shown in Table 2 . Now, for Patient 2, MRI images of both T1 and T2 weighted image are taken and shown in Table 3 and Table 4 respectively.
Similarly, for Patient 3 MRI images of both T1 and T2 weighted image are taken. These are then compared with the proposed one which are shown in Table 5 and 6.
For Patient 4 and Patient 5, MRI images both T1 and T2 weighted image are taken which are depicted in Table 7 , Table 8 , Table 9 and Table  10 .
Now, Patient 1 MRI images both T1 and T2 weighted image with greyish lesions are taken and evaluated which are shown in Table 11 and Table 12 . After that, mixed lesions are taken. First, Patient 1 MRI images of both T1 and T2 weighted images with mixed lesions orientation 1 and orientation 2 are given in Table 13 , Table 14 , Table  15 and Table 16 Further, we investigated the effect of inpainting the MS lesion in the registration step. To do that, we created the ground truth by registering the healthy brain to the brain atlas. We compared the distorted registration output generated by registering an MS brain with the brain atlas with the ground truth. We have found that the Dice and Jaccard value are 0.8566 and 0.8681 respectively. This proves that, lesions create distortion in registration by deviating from the ground truth and this effect can be refurbished through inpainting. 
graphical Analysis
Finally, MRI images are taken and comparison using graphical representation is shown. For Patient 1 to Patient 5, all the images are shown in Fig. 8, Fig. 9 and Fig. 10 . These are all with white lesions artificially added with healthy brain tissue. Now, Dice and Jaccard scores of Patient 1 with greyish lesions and mixed lesions (orientation 1) is shown in Fig. 11 , mixed lesions (orientation 2) for Patient 1 and greyish lesions for patient 2 is depicted in Fig. 12 and mixed lesions (orientation 1 and orientation 2) for patient 2 is shown in Fig.  13 . 
ConCluSIon
A study of the potential of using a novel inpainting technique for simple registration measurements has been performed in this study. The possibility to classify and quantify the samples is dependent on the complexity of the samples. For preliminary testing of the system several patients' brain tissues were studied for the changes in jaccard and dice scores using our technique and differences observed were satisfactory. Some more experiments are to be carried out using more robust algorithm in order to increase the understanding of the results. Next images with good resolution will be studied using this algorithm to see if the results are reproducible and if significant differences can be obtained between different states of the same tissue. In future, MS lesions after inpainting, nonlinear registration will be used to perform similar studies and to compare with pathological diagnosis.
